Critical exponent η for three-dimensional systems with n-vector order parameter is evaluated in the frame of pseudo-ǫ expansion approach. Pseudo-ǫ expansion (τ -series) for η found up to τ 7 term for n = 0, 1, 2, 3 and within τ 6 order for general n is shown to have a structure rather favorable for getting numerical estimates. Use of Padé approximants and direct summation of τ -series result in iteration procedures rapidly converging to the asymptotic values that are very close to most reliable numerical estimates of η known today. The origin of this fortune is discussed and shown to lie in general properties of the pseudo-ǫ expansion machinery interfering with some peculiarities of the renormalization group expansion of η.
I. INTRODUCTION
Field-theoretical renormalization group (RG) approach proved to be highly efficient when used to evaluate universal parameters characterizing the behavior of various systems near Curie point. It yields high-precision numerical estimates for critical exponents, renormalized coupling constants, universal ratios, etc., provided lengthy enough RG expansions are employed and proper resummation of these diverging series is made (see,. e. g. Refs.
1-10 ). Numerical estimates for critical exponents of the Ising, XY, Heisenberg and some other models obtained within field-theoretical RG machinery are referred today as canonical numbers [11] [12] [13] [14] and widely used in course of comparison of the theory with computer and physical experiments including advanced measurements performed in space 15 .
RG expansions being power series in renormalized quartic coupling constant g or in ǫ = 4 − D have coefficients that grow factorially with their number k. To struggle this divergency the Borel transformation is usually employed which turns divergent series into expansions having non-zero radius of convergence. Resummation methods based on Borel transformation work very efficiently when original series are alternating and their coefficients demonstrate regular behavior, i. e. being monotonically decreasing functions of k for moderate k, they monotonically grow up under k → ∞. Fortunately, RG expansions for the β-function and "big" critical exponents (γ, ν and some others) are precisely such regular series both in three and two 1, 2, 16, 17 dimensions. This is one of the main reasons why fieldtheoretical RG approach turned out to be so effective numerically in the phase transition problem.
The coefficients of above series as seen to be quite irregular, both in sign and modulo.
That is why the resummation of such series by canonical (Pade-Borel, conform-Borel, etc.) methods is much less effective than in the case of Wilson fixed point location g * and big critical exponents. As a results, one usually prefers to evaluate the exponent η via scaling relations instead of dealing with corresponding RG series (see, e. g. comprehensive review 14 ).
In such a situation it is reasonable to address some alternative technique which is able to turn original RG expansions into more appropriate ones. Here we do not mean avoiding of factorial growth of the coefficients since in series (1), (2) they are small or, at least, not too large. Instead, we are looking for a tool which would convert RG expansion for η into the series regular in sign along with making higher-order coefficients to monotonically decrease with growing k.
Below, it will be shown that the pseudo-ǫ expansion can play a role of such a tool. This approach invented by B. It is worthy to note that ability of pseudo-ǫ expansion approach to accelerate RG iterations and to smooth oscillations of numerical estimates as functions of k was discovered just after beginning of its application 2 . It was observed also that in many cases pseudo-ǫ expansions do not require advanced resummation procedures; as a rule, use of Padé approximants or even direct summation are sufficient to lead to proper numerical results. In our case, however, pseudo-ǫ expansion demonstrates an extra advantage -it turns the series with a structure rather unfavorable from the computational point of view into those quite suitable for numerical estimates.
II. PSEUDO-ǫ EXPANSIONS FOR
Critical thermodynamics of three-dimensional systems with O(n)-symmetric vector order parameters is described by Euclidean field theory with the Hamiltonian:
where bare mass squared m We derive the pseudo-ǫ expansion for critical exponent η starting from RG series mentioned. To do this one has to substitute the τ -series for the Wilson fixed point location g * into perturbative expansion for the Fisher exponent and reexpand it in τ . Pseudo-ǫ expansion of g * for general n is known up to τ 6 term (six-loop order) 23 . At first glance, with this expansion in hand τ -series for critical exponents may be found within the same -τ
6
-approximation. It is really so for all critical exponents but the Fisher one. Since the first non-zero term in RG expansion of η is proportional to g 2 the length of τ -series for g * turns out to be sufficient to find τ 7 term. Seven-loop contribution in RG expansion of η was calculated for concrete values of n most interesting from the physical point of view 18 . That is why here we present pseudo-ǫ expansions of η for n = 0, 1, 2, 3 only, leaving six-loop (τ 6 ) series at generic n for Section IV. Seven-loop τ -series obtained are as follows:
Series (4)- (7) are seen to have much more regular structure than original RG expansions.
Their coefficients possess the same sign and monotonically decrease with increasing k, apart from those of seven-loop (τ 7 ) terms. These coefficients being small are nevertheless some bigger than their six-loop (τ 6 ) counterparts signalizing that τ -series remain divergent. Despite of this, expansions (4)- (7) turn out to be quite suitable for getting numerical estimates.
III. NUMERICAL RESULTS: FAST CONVERGENCE TO ACCURATE ASYMP-TOTES.
Numerical values of η are extracted from the series (4)- (7) are weak what is known to be specific for the pseudo-ǫ expansion technique.
Keeping in mind optimistic results just obtained, the question arises: will numerically favorable structure of pseudo-ǫ expansion for Fisher exponent demonstrated at 0 ≤ n ≤ 3 persist for larger n? In other words, whether numerical power of the pseudo-ǫ expansion is its generic property or it manifests itself only for moderate n? To answer this questions we are in a position to study τ -series for η at arbitrary n.
IV. LARGE n AND ROOTS OF FORTUNE.
Perturbative RG expansion of η for general n are known today within six-loop approximation 4 . This enables us to derive corresponding pseudo-ǫ expansion ranging up to τ 6 term. Straightforward calculation leads to the following τ -series: 
Analyzing this series under various n lying between 4 and 64 we find that:
i) series (8) have positive and monotonically decreasing coefficients up to n = 24;
ii) coefficients of τ 5 and τ 6 terms change their signs at n = 40 and n = 24 respectively while other coefficients remain positive and monotonically decreasing;
iii) up to n = 64 coefficients of τ 5 and τ 6 terms persist to be tiny (≈ 0.0007 and smaller), so these terms do not influence appreciably upon numerical estimates the series (8) yields.
Hence, the structure favorable for getting numerical estimates is a generic property of the pseudo-ǫ expansion for Fisher exponent. Comparison of the values of η resulting from expansions (4)- (8) with each other and with their counterparts obtained within other approaches confirms this conclusion. These values are collected in Table IV , along with the numbers given by the 1/n-expansion 32 :
All the data presented are seen to be in a good agreement at any n.
Why the pseudo-ǫ expansion technique turns out to be so efficient in particular case considered? We have an explanation of this fact. The point is that mechanism of pseudo-ǫ expansion is organized in such a way that it suppresses the divergency of RG expansions for This can be demonstrated explicitly. Let the pseudo-ǫ expansion for renormalized quartic coupling constant at criticality (Wilson fixed point location) g * be:
while RG series for some critical exponent ψ have a form:
Typically, all p i are positive, i. e. the series (11) is alternating. To obtain τ -series for ψ, we have to substitute expansion (10) into (11). It yields:
If coefficients of pseudo-ǫ expansion (10) and Heisenberg (n = 3) models.
In fact, pseudo-ǫ expansion does not generate convergent expansions. Instead, it replaces one diverging series by another, less strongly divergent. The resulting expansions, however, have much more favorable structure from the numerical point of view. In our case pseudo-ǫ expansions actually do not require resummation, even in its simplest -Padé -form: as seen from Tables III and IV the highest-order (τ 7 ) estimates given by direct summation and found by means of Padé analysis differ from each other by 3 percents or less. This difference is much smaller than individual and overall error bars characteristic for data provided by high-precision field-theoretical and lattice calculations. Thus, as was argued earlier 23, 24 , the pseudo-ǫ expansion approach may be considered as a resummation method. This method, however, is somewhat specific -it does not turn divergent series into convergent but makes them very convenient for practical use.
V. CONCLUSION
To summarize, we have calculated pseudo-ǫ expansions of the Fisher critical exponent up to τ 7 terms for n = 0, 1, 2, 3 and within six-loop (τ 6 ) approximation for general n.
These expansions have been found to possess a structure that is rather favorable for getting numerical estimates. Having processed τ -series obtained by means of Padé approximants and performed their direct summation we've obtained numerical estimates of η that are as accurate as those extracted from advanced field-theoretical and lattice calculations. The structure of τ -series for η persists to be favorable within the wide range of n signaling that it is a generic property of the pseudo-ǫ expansion for η. We have found arguments shedding light on the roots of such fortune. They lie in the general properties of the pseudo-ǫ expansion 
